Abstract: The silicate-type and Eu 3+ -activated Sr 3 SiO 5
Introduction
Photoluminescent materials have attracted much interest due to their possible applications in many different areas, such as emergency and general illumination in a dark environment, LEDs, display devices, optical storage, etc. [1] . Among the inorganic phosphor systems, silicate-based phosphors are known for being more chemically and thermally stable, and are less costly compared with sulfide or even aluminate-based phosphors. Until now, intense, different types of color emitting oxide phosphors have been commercially and scientifically researched which have better properties than other phosphor systems. Therefore, much research on phosphors with silicate type hosts has been conducted owing to the growing interest in silicate-based photoluminescent materials [2, 3] . Also, the family of phosphors activated with Eu 2 + or Eu 3 + rare-earth ions is commonly used as components for conventional lighting to obtain blue to red region emissions due to their high efficiencies and color purities [1] . Among the silicate systems, for example the SrO-SiO 2 binary system, there are three transition compounds, namely SrSiO 3 , Sr 2 SiO 4 and Sr 3 SiO 5 [4] . In this research, the photoluminescent properties of the silicate-based Sr 3-x-y SiO 5 
Material and methods
The silicate-based Sr (99.99 %), were thoroughly mixed and ground in a agate mortar to ensure fine and homogenous particle mixing. Subsequently, the heat treatments of the samples were done in pure alumina crucibles in a muffle furnace (Protherm PTF 16/50/450); they were then cooled down slowly to room temperature. The sintered samples were again ground to powder form prior to the characterizations. Simultaneous differential thermal analysis (DTA) and thermogravimetric (TG) analysis (Seiko Instruments Inc./Exstar TG/DTA 6200) at a heating rate of 10°C/min from room temperature to 1,300°C were performed to determine the decomposition and the oxidation process of the reactants. Then the pre-sintering (calcination) and sintering processes were applied according to the DTA/ TG results, and a BRUKER AXS D8 ADVANCE model X-ray diffractometer, which was run at 40 kV and 30 mA (Cu-Kα radiation) in a step-scan mode (0.02°/2θ), was used to obtain the phases after sintering. Finally, the photoluminescent spectra which showed the excitations and emissions of the phosphors were analyzed by a spectrophotometer (Photon Technology International (PTI), QuantaMaster TM 30).
Results and discussion

Thermal analysis
The thermal behaviors of the phosphor systems, which were basically composed of 4MgCO 3 ·Mg(OH) 2 ·5H 2 O and SrCO 3, were obtained between 50°C and 1,300°C (Figures 1-3 Figure 1 . Figure 1 shows that there is a significant weight loss between 800 and 1,150°C which is due to the decomposition of SrCO 3 and removal of CO 2 in the system. The decomposition of SrCO 3 under heating can be given as follows:
The endothermic peaks at 944 and 1,040°C are attributed to an orthorhombic to rhombohedral transition and then the decomposition of SrCO 3 to SrO [5] . The TG curve exhibits a mass loss equal to 25.0 %, which is almost similar to the calculated mass loss (~25.0 %). Figure 2 shows that the decomposition and dehydration of 4MgCO 3 heating is given for the previous system. Therefore, the endothermic peaks at 944 and 1,040°C were attributed to an orthorhombic to rhombohedral transition followed by the decomposition of SrCO 3 to SrO [5] , and that of 4MgCO 3 ·Mg(OH) 2 ·5H 2 O to MgO. The TG curve exhibits a mass loss equal to 25.3 %, which is almost similar to the calculated mass loss (~25.0 %). When subjected to thermal analysis, hydrated magnesium carbonates are decomposed by endothermic reactions and result in the departure of H 2 O and CO 2 from the compound due to decomposition of 4MgCO 3 ·Mg(OH) 2 ·5H 2 O to MgO. Much research has been conducted and it was found that the thermal decomposition of hydromagnesite proceeds via dehydration at 100-300°C and decarbonation at 350-650°C toward the end product, namely MgO [6] . Therefore, in our analysis, the weight losses starting from 150 to 600°C are related to the decomposition of 
The first endothermic peak (at 267°C) is attributed to the partition of the hydroxyl group from Mg(OH) 2. The second endothermic peak to (at 450°C) belongs the decomposition of MgCO 3 to MgO. The TG curve exhibits a total mass loss equal to 47.2 %, which is similar to calculated mass loss (~48.8 %).
X-ray diffraction (XRD) analysis
The heat treatment temperatures of each phosphor system were determined according to thermal analysis results. The sintering processes of the phosphor systems were applied as a pre-sintering stage at 800°C for 2 h followed by main sintering processes. The base sintering temperatures are described below: After high temperature sintering processes, the XRD analysis was applied. Figure 4 that was sintered at different temperatures to obtain a pure structure is shown in Figure 6 .
It was determined that the base phase is Mg 2 SiO 4 ; also the major first two phases of the peaks indicate those of MgO although the sintering temperature was repeated and increased as 1,250°C. Despite the fact that a higher thermal treatment was applied for this type of phosphor according to DTA/TG results, the expected crystal system could not be indexed in XRD analysis except for Mg 2 SiO 4 and MgO. Also, it is well known that the formation of the Mg 3 SiO 5 phase occurs at very high temperatures, namely above 1,850°C, according to the MgO-SiO 2 phase diagram [9] .
Photoluminescence properties
All of the photoluminescence studies gave effective results with excitation and emission spectra. Although not all of the objective phosphor systems could be synthesized as pure structures, they still have fascinating PL properties. Therefore, the impressive excitation and emission bands are thanks to activated Eu 3 + , rare-earth ion. Figure 7 shows the PL spectra of the Sr 3 SiO 5 :Eu 3 + , Dy 3 + phosphor system upon excitation at 311 nm in the UV region and the obtained sharp emission with a maximum at 618 nm in the red region.
It appeared that the PL result of this system indicates maximum emission bands at 617 nm, 579 nm and 698 nm which are attributed to 5 [18] . Therefore, in this study, the aim was to achieve more intense luminescence properties -doped hosts generally created red emissions because of their f-f transitions. Additionally, the two phosphor systems with the same hosts have different PL intensities due to Mg 2+ ions occurring in one of them. Finally, it was proved that the activator ions PL properties in the phosphor systems are independent of the phase forming process except for possible different PL intensities. , Dy 3+ system phosphor.
